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INTENDED LEARNING OBJECTIVES (ILO) €» 


By the end of this lecture the students will be 

able to: 

1) Define stroke volume, cardiac output, and 
cardiac index 

2) Explain the influence of altered preload on 
force of contraction of the cardiac muscle. 

3) Describe the factors that help in venous return 
in upright position 

4) Explain the role of contractility and after load 
in regulation cardiac output. 

5) Describe the Indices of myocardial 

"""eomractility ee 


Cardiac Output © 


Definition: 


"Y Cardiac output is the 
amount of blood 
pumped from each 
ventricle in one 
minute. 

Y It equals 5 L/min in 
adult healthy man in 
SUPINE position. «ue 


Do cardiac output vary? © 
Yes it vary with 


. The basic level of body metabolism. 
. The level of activity of the body. 

. Exercise 

Age 

. The body size. 

. Pregnancy 

. Body position standing or sitting. 


SO) Cl im UN IP 
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Some Important Definitions €» 


Stroke Volume: 
It is the amount of blood pumped by the ventricle in one be 


End Diastolic volume: 
It is the amount of blood present in each 


icle a zu ra of diastole. 
End Syst olic vo 
is the "ME t blood remaining in each 


ventr rå oder at the end of systole. 


Cardiac In 
The AE TH index is the cardiac output per 


square meter of body surface area. 
Ejection Fraction: 
It is the ratio of stroke volume to end diastolic 


Te Yölume. It averagés 60%." : 


| Cardiac Output © | 


Cardiac output= 
Stroke volume x 
Heart rate 
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To increase cardiac output 


Increase stroke volume 
or 


Increase heart rate 
or 
increase both 


Stroke volume 


Cardio-pu S . 
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Sympathetic 
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Cardiac Output Determinants 


Parasvm pal hetic Niean arterial 


pressure 


E uM 


strength T 


diastolic 
| volume 
Stretch ( EDV ) 


Frank- 
Starling 
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Factors regulating cardiac output © 


Factors regulating Cardiac Output 


Afterload Contractility Freload 
ba = 
E — 
Tài — 
s 
ities, "in. 
Myocardial Left 
fiber wentricular 

shortening size 


Peripheral 
resistance 


Arterial Mi 
pressure 
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"diacoutput 
yutput-16-6. 
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1) End Diastolic Volume €» 


EDV- Preload, venous 
return, Heterometric 
regulation): 


Stroke volume is increased 
with increased EDV due to: 


Frank- Starling's 


The length of the muscle 
Vleat islhyoupatirehahtofthe 


tind -díebinlic??olume. 
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OZUIQUIOO/IO3312900J/EIIGCUOFLCIangcs-in- 
Cardio-pulmonaryyoeardial-contractility-on-the-Frank-Starbing-curv 


FRANK-STARLING MECHANISM 


Normal heart 


Stroke 
volume 
(ml) 


50 
Heart fallure 


10 20 


Left ventricular End Diastolic Pressure (Preload) 


-The-curve NN 


End Diastolic Volume © 


End diastolic volume is affected by : 

1. Venous return 

2. Systolic contractions of the ventricle 

3. Diastolic functions as increase in 
intrapericardial ... 

4. The total blood volume (Direct 
relationship): ....... 
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Capillary 
Tone 


wic lume 


wc | Le 


Valves of the 
vein 


Sympathetic 
nerve stimulation 


2) Myocardial Contractility © 


Force-frequency 


relation 
Reg ulation due Circulating Digitalis, other 
e catecholamines inotropic agents 
to changes in | 
eye sympathetic and Hypoxia 
contractility parasympathetic —» Contre lass $ Hypercapnia 
nerve impulses artes Reales tems nee Acidosis 


f 


| | 
Intrinsic Pharmacologic 


independent of 
length is 
sometimes 
called 


homomeric 
regulation. 


depression depressants 


Loss of myocardium 


Stroke volume 


Ventricular EDW | 


Source: Barrett KE, Barman SM, Boitano S, Brooks H: Ganang’s Raviap of Medical 
Phvsialagy, 23rd Edition: httpi// www, accessmedicine, com 
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Factors affecting contractility €» 


+ve inotropic -ve inotropic 


Frank-Starling Law 


factors factors 
The sympathetic The 
nervous system parasympathetic 


TF 
5 (B1) nervous system 
2 (M2) 
3 Circulating Intrinsic 
9 catecholamines depression (heart 
= Changes in contractility, (B 1) failure) 
i shift the curve. Digitalis Loss of 
- ( inhibition of Nat- myocardium 
Left Ventricular EDV (mmHg) » 
| | , |K* pump). 
https://d1j630wfs0b5j3.cloudfront.net/term/imeé : 
s/682-1495202312416.png Increased heart Hypoxia and 


rate due to acidosis 
increased 
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3) Peripheral resistance 


l-Contractilitw 


The cardiac Latterioad 
 TContractility 
output has / THeart rata 
reciprocal | 
relationshi $ 
i E: 
p with E: T Aftertoad 
E 


changes in PE oe 


total A + 
peripheral | EE 


resistance 


https://media.lanecc.edu/users/driscolln/RT127/So 
ftchalk/Heart Perfusion/pre%20and%20afterload.j 


Dg 
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4) Heart rate €» 


Heart rate 
has direct 

proportion 
to cardiac 

output 


What 
happen 
with Very 
rapid heart 
rate ? 


Rest Maximal exercise 


stroke volume (ml) 


https://www.medicine.mcqill.ca/physio/vlab/exerci 
se/img/heartrate strvol.gif 


New Five Year Program Cardio-pulmonary Module 16 


Indices of Contractility 


1p/dt Fjection 
dP/dt = change in pressure per unit of time Parameter Fraction, Females 
- = iid LVEF (i b) 55-73 34-14 


i Heart Failure EDV (mL, 102-235 96-] 14 
ESV (mL) 29-93 27-71 


Pressure 


Note elevation in 


end diastolic Xo 
pressure SV (mL) 60-1 48 02-] 10 
indicating the 

build up of https://encrypted-tbnO.gstatic.com 


pressure in the 0 
heart due to 
failure 


[images?q-tbn963AANd9GCcSLPSLI 
N8nUpOptm3B56ZpMfkJC50uS7lQy 
Time bA&usgp=CAU 


https://image3.slideserve.com/6725828/slide25-l.jpg 
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Regulation of Cardiac Output 


T Cardiac Output Cco—Hfmx Sv 
kl 
TH. Rate T Stroke Volume 
* oae P 
È care g ean of Cardiac Canmi artio 
Hsemtharite Er + frank starling mechanism) 
Pentre be l | imitrirnzbk ©: cain 
& Epinephrine -__ T E.D.w 
Ma ii - Ae 
^. | hinner Zomiral 


B. T Venous Reburr 


Cardiac Output in Exercise €» 


During exercise 
sympathetic stimulation 
increase ........... 
circulating 
catecholamines???? l 
Muscle contraction durf 
exercise and increase/ - 
respiratory rate increġ— 
venous return, end 
diastolic volume and CO. 
Due to vasodilation of httpsilje 
skeletal muscle blood YcgEA& 
vessels, péripheral Malden dE 


, Untrained 


https: el 


UI 
BP 


Cardiac output and sympathetic stimulation €» 


- Decrease systolic 
interval by increasing 
contractility and 20 
increased peak 
ventricular pressure. 

- Decrease diastolic 
interval by increasing 
heart rate: as 5 
intracellular calcium is 
increased more than ^ g A. a5 
sequestrated calcium. So ——— ee 
coritractility increase <'0rumonary Module 20 


Maximum sympathetic 


25 stimulation 


15 Mormal sympathetic 
stimulation 


Zero sympathetic 


10 stimulation 


Cardiac output (L/min) 


Lecture Quiz €» 


Q1) Determinants of cardiac output are ? 
a) Stroke volume b)Heart rate 


Q2) which of the following will not increase CO in exercise: 
a) Frank starling law . 
b) Increased heart rate 
C) Increased venous return 
d) Venodilation d 
e) Sympathetic stimulation 
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SUGGESTED TEXTBOOKS €» 


1. Ganong 23% edition P 678 to P. 685 


2. Guyton and Hall 13" edition P. 118. to P. 120 
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Thank you 
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